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Short Course: Spacecraft Thermal Vacuum Test - A Point in Time

ANALYSIS WORKSHOP

A Many thanks to the NASA and contractor thermal teams:
T NASA: Rose Mountcastle, Kevin Kim, Alex Chuchra
T LM: Dave Hansen, Joe Mandi, Cole Anderson

Spacecraft Thermal Vacuum Test - A Point in Time

Monday, August 1, 10:00am — 12:00pm, Room 114

Instructor: Eric Grob, NASA Goddard Space Flight Center

After initially working for the US Navy as a test engineer, Mr. Grob’s career in heat transfer began with US Navy radar electronics
packaging at RCA, then with satellites at General Efectric and Lockheed-Martin where he helped develop the thermal control for several
commercial and civil space satellites. Since coming to Goddard Space Flight Center in 1939, Mr. Grob has led the thermal design for
several missions, including the Geoscience Laser Altimeter System (GLAS launched 2003) that pioneered the use of propylene loop
heat pipes for thermal control in NASA missions. Following this, he was project manager for a solar observing instrument before
returning to the GSFC thermal engineering branch as Chief Engineer where he conducts peer reviews and supports mission review
panefs for numerous GSFC projects, and also provides thermal support for various projects — currently the Geostationary Operational
Environmental Satellite (GOES-R) program.

Mr. Grab received his BSME degree from West Virginia University in 1980 and his MSME from Drexel University in 1989.

Spacecraft thermal vacuum testing is the most complicated and longest duration environmental test. This course will look at a specific
case — thermal vacuum testing of the first in the latest series of NOAA weather satellites, the Geostationary Operational Environmental
Satellite System — that spanned almost two months and was completed late last summer. Based on a heritage satellite bus (the 4379),
and employing watrod to simulate environmental heating, the test design, completion, and post-test analysis is covered in detail,
concluding with some remarkable Lessons Learned.
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A Background/Overview A Post-Test Analysis

I Configuration, mission I Quick-Look Results
environments, model § i Correlation (summarize major
development (RISTM/DISTM C findings)
RISTM/DSTMISWSTM/PSTM) A Test Discoveries/Lessons

I Requirements | i Watrods, add MLI, REASs,

I Configuration (w/major i SPRU transistor, other
dic'g':tgnsgd target layout (with transistor: unit repair/retest

watrods for?ater gnomaly) A Current status: _ PSR
A Pre-Test Ana|yses (W/LAE & RDM liens to Shlp)

I Cal Rod Spacing, Setback, and

Uniformity

Sink Temperature Coupon Test
Spectral Shift Analysis
Watrod Characterization Test

Compare Pre-test Analysis
Results to Limits
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Background/Overview

Configuration
Mission environments
Model development
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GOES Background

A The Geostationary Operational Environmental Satellite system
(GOES) supports weather forecasting, severe storm tracking, and
meteorology research.

A Spacecraft and ground-based elements of the system work
together to provide a continuous stream of environmental data.

A The National Weather Service (NWS) uses the GOES system for
its United States weather monitoring and forecasting operations,
and scientific researchers use the data to better understand land,
atmosphere, ocean, and climate interactions.

A The GOES system
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ANALYSIS WORKSHOP

GOES A-C (1-3)
A Spin-stabilized, viewing Earth only about ten

percent of the time and provided data in only
two dimensions.

A Instrument shared same optics system,
limiting data from each.

A No indication of cloud thickness, moisture
content, temperature variation with altitude, or
any other information in the vertical dimension.

GOES I-M (8-12)

A Three-axis stabilized and separate
instrument optics meant instruments could
work simultaneously.

A Real improvement in the resolution, quantity,
and continuity of the data. Forecasters had
much more accurate data with which to better
pinpoint locations of storms and potentially
dangerous weather events such as lightning
and tornadoes.

A The satellites could temporarily suspend their
routine scans of the hemisphere to concentrate
on a small area of quickly evolving events to
improve short-term weather forecasts.

GOES History

GOES D-H (4-7)

A Spin-stabilized

A Added capability to obtain vertical
profiles of temperature and moisture
throughout the atmosphere: giving
forecasters a more accurate picture
of the intensity and extent of storms,
allowed them to monitor rapidly
changing events, and to predict fog,
frost and freeze, dust storms, flash
floods, and even the likelihood of
tornadoes.

A However, as in the 70s, the imager
and sounder still shared the same
optics system, which meant the
instruments had to take turns.

GOES N-P (13-15)
A Three-axis stabilized

A GOES-N, O, and P further improvec
the imager and sounder resolution
with the Image Navigation and
Registration subsystem, which uses
geographic landmarks and star
locations to better pinpoint the
coordinates of intense storms.

A Detector optics were improved and
because of better batteries and
more available power, imaging is
continuous.
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SIS WORKSHOP

ABI (Advanced Baseline Imager)

A

A

S

Imageseart hés weather,
environment - improves current products
(faster imaging, higher resolution and
more accurate calibration) and adds new
products for severe weather forecasting:

A volcanic ash advisories, fire and smoke
monitoring, and more.

16 different spectral bands vs 5 currently
A two visible channels, four near-infrared
channels, and ten infrared channels.

Provides 3x spectral information, 4x
spatial resolution, and more than 5x faster

EIS (Space Environment In-Situ Suite)

A
A

Monitors proton, electron, and heavy ion
fluxes at geosynchronous orbit.

Data used to assess ESD risk and radiation
hazard to astronauts and satellites and warn
of high flux events, mitigating damage to
radio communication

GOES- R Instruments

EXIS (Extreme Ultraviolet and X-

SUVI (Solar Ultraviolet Imager)

A
A

ray Irradiance Sensors)

Monitors solar irradiance in the
upper atmosphere.

Detect solar flares that could
interrupt communications and
reduce navigational accuracy,
affecting satellites, high altitude
airlines and power grids on
Earth. magnetosphere

A
A

Monitors the Sun in the extreme
ultraviolet (EUV) wavelength
observations of solar flares and
solar eruptions will provide an

early warning of possible impacts
space

to Earthos
and enable better forecasting of
potentially disruptive events on
the ground.
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GLM (Geostationary Lightning

Mapper
A Detect and map total lightning
activity over the Americas and
adjacent ocean regions.
A Provide early predictions of
intensifying storms and severe
weather events.

MAG (Magnetometer)

& NY MéaluPeStfeMagnetic field

in the outer portion of the
magnetosphere



GOES-Ri s the nationos
geostationary weather satellites. The
GOES-R series will significantly improve

the detection and observation of
environmental phenomena that directly
affect public safety, protection of property
and our nationds eco
prosperity.

The satellites will provide advanced

imaging with increased spatial resolution 2N/ : ) S
and faster coverage for more accurate . G ) R
forecasts, real-time mapping of lightning ) T ik Floshes km=2 yr=!
activity, and improved monitoring of solar e Y eSS
activity.

The GOES-R series is a four-satellite
program (GOES-R/S/T/U) that will extend
the availability of the operational GOES
satellite system through 2036.

Collect and transmit up to 100Mbps
instrument payload data from each
location continuously

Continuous rebroadcast function at L-
Band up to 31 Mbps utilizing dual
polarization

Provide continuing services [Search and Salw linaging Space Weater Monioang
Rescue, Data System Collection,

Emergency Manager 6s Weat her

Information Network (EMWIN)]
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GOES orbit positions.
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